Background
Methods and Findings
This was a multicenter, 3-year, prospective, observational study. From 2008 to 2011, maintenance hemodialysis patients with secondary hyperparathyroidism (N = 3,276) treated with angiotensin converting enzyme inhibitor (ACEI)/angiotensin II receptor blocker (ARB) at baseline were followed for a mean of 2.7 years. The association between the use of ACEI/ ARB and hospitalization rate owing to fracture was examined by using Cox regression models. Effect modifications by the severity of secondary hyperparathyroidism (intact parathyroid hormone [iPTH] level), sex, and systolic blood pressure were also examined. The incidence proportion of fracture-related hospitalization was 5.42% throughout the observation period. ACEI/ARB use was associated with a lower rate of fracture-related hospitalization (adjusted hazard ratio, 0.65; 95% confidence interval [CI] , 0.45-0.92). This association was not significantly affected by sex (P = 0.56) or systolic blood pressure levels (P = 0.87). The hazard ratios adjusted by iPTH levels were qualitatively different, but not statistically
Introduction
Patients with chronic kidney disease (CKD), especially those undergoing dialysis, have poor survival and increased risk of cardiovascular disease (CVD) due to hypertension. To control blood pressure and preserve cardiac function, inhibition of the renin-angiotensin system (RAS) with angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin II receptor blockers (ARBs) is used widely in patients with CKD [1] [2] [3] .
Mineral and bone metabolic disorders are other common complications of patients with CKD. This disorder contributes to the development of bone fractures, and increases the risk for all-cause and cardiovascular mortality owing to vascular calcification. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] The KDIGO (Kidney Disease: Improving Global Outcomes) and other international/national guidelines [14] [15] [16] proposed clinical practices for CKD-associated mineral and bone disorders, by using adequate dialysate, phosphate binders, vitamin D receptor activators, and calcimimetics. For instance, severe secondary hyperparathyroidism, caused by the elevation of circulating parathyroid hormone (PTH), is associated with the incidence of fractures in CKD patients undergoing dialysis treatment [8] . Furthermore, recent improvements in practice patterns have shown that the use of cinacalcet and increased vitamin D receptor activators is associated with lower PTH levels and achievement of target phosphorus levels [17] . Despite these developments in the treatment of mineral metabolic abnormalities, the risk of fracture among patients with CKD undergoing dialysis treatment remains considerably higher than in the general population [18] [19] [20] [21] . Therefore, additional therapeutic strategies are required to reduce the incidence of fracture in hemodialysis patients.
Several clinical studies on the general population have suggested that ACEIs decrease the risk of bone fracture [22] [23] [24] . The RAS in patients with dialysis treatment is inordinately activated as compared with that in healthy subjects [25] , then, there is a possibility that RAS inhibitors are more effective in reducing the incidence of fracture in dialysis patients than in the general population. In this study, we investigated whether the use of RAS inhibitors reduces the incidence of hospitalization owing to bone fractures among hemodialysis patients with secondary hyperparathyroidism. We examined data from the MBD-5D study (The Mineral and Bone Disorder Outcomes Study for Japanese CKD Stage 5D Patients) [26] . 
Materials and Methods

Study design
The MBD-5D study is a multicenter, 3-year, prospective, observational study involving maintenance hemodialysis patients with secondary hyperparathyroidism. Details of the study design have been published elsewhere [26, 27] . Briefly, the MBD-5D began in January 2008 and included 8,229 patients, with a subcohort comprising of randomly selected patients (n = 3,276
[40%]) from whom data on covariates were collected. We used the data from the subcohort in this analysis. The mean observation period was 2.74 years. The adhered to the Declaration of Helsinki. Because this is an observational study with only anonymized data collected from routine practice, informed consent from subjects was not required according to the ethical guidelines for epidemiological research in Japan. The study protocol and the waiver of informed consent were approved by the central ethics committee at Kobe University (no. 754).
Inclusion and exclusion criteria
Eligible patients comprised all those who were receiving hemodialysis at a participating facility as of January 1, 2008 , and who satisfied any of the following inclusion criteria: intact PTH (iPTH) level of 180 pg/mL or treatment with intravenous vitamin D receptor activator or oral active vitamin D receptor activator. Patients undergoing hemodialysis for <3 months were excluded.
Outcomes and exposure
The primary outcome of this study was the time to incidence of hospitalization owing to fracture, regardless of the type of fracture. We examined the period from the initiation of the observation to the occurrence of the initial event. A participant was censored after the initial event.
The exposure of interest was ACEI/ARB use at baseline.
Statistical analyses
To describe patient characteristics, continuous variables are shown as medians (interquartile range: IQR), whereas categorical variables are shown as percentages. For comparisons between the groups with and without ACEI/ARB use, Wilcoxon and chi-square tests were used, respectively. In the primary analysis, the association between ACEI/ARB use and the incidence of hospitalization owing to fracture was examined. The cumulative incidence of hospitalization owing to fracture between groups with and without ACEI/ARB use was analyzed by using the Kaplan-Meier survival curve and log-rank test. Non-adjusted, case-mix-adjusted, and multivariate-adjusted Cox regression proportional hazard models were used to estimate hazard ratios (HRs) and their 95% confidence intervals (CIs). Deaths (n = 506), losses during the followup period (n = 143), renal transplantation (n = 5), changes to peritoneal dialysis (n = 2), and termination of the observation were considered censored data. The proportional hazards assumption was visually checked by using a log negative-log survival plot.
In the case-mix adjusted model, age, sex, duration of dialysis, and causes of end-stage kidney disease were adjusted. In the multivariate-adjusted model, the following covariates were adjusted in addition to those in the case-mix model: body mass index; Kt/V; comorbidity of CVD and/or diabetes mellitus, smoking, history of parathyroidectomy, prescriptions of anticoagulants, vitamin D receptor activators, and phosphate binders, and serum levels of albumin, calcium, phosphorus, PTH, alkaline phosphatase, and blood hemoglobin, in addition to systolic and diastolic blood pressure and the use of antihypertensive drugs (β-blockers, calcium channel blockers, diuretics, and others).
To reinforce the results of the primary analysis, a sensitivity analysis was performed: blood pressure and use of each antihypertensive drug were removed from the covariates of the multivariate-adjusted model to confirm whether the analysis was robust if these blood pressure-related data were intermediates rather than confounders.
In the secondary analysis, effect modifications by some factors clinically relevant to fractures were examined, such as the severity of secondary hyperparathyroidism (i.e., iPTH levels), sex, and systolic blood pressure. The iPTH and systolic blood pressure were categorized into quartiles. We applied Cox regression models in which the main predictor was defined as a categorical combination of one of the factors mentioned above and the use of ACEI/ARB, with the same covariates as those used in the multivariate-adjusted models in the primary analysis. The statistical significance of the effect modification was tested by using a likelihood ratio test.
All statistical analyses were performed with SAS 9.2 (SAS Institute, Cary, NC, USA). A P value of <0.05 was considered significant.
Results
Baseline characteristics
The median age of the patients was 63 (IQR, 54-71) years. Women accounted for 38.5%. The median duration of dialysis was 8.3 (IQR, 3.7-14.3) years. Patients with diabetes mellitus and CVD accounted for 31.6% and 60.0%, respectively.
A higher proportion of men than women had diabetic nephropathy as the primary disease among patients using ACEI/ARB compared with those not using ACEI/ARB (31.6% vs. 19.3%, Table 1 ). Patients using ACEI/ARB had a shorter duration of dialysis, lower iPTH, and alkaline phosphatase levels, and higher systolic blood pressure than those not using ACEI/ARB. Patients using ACEI/ARB also used antihypertensive drugs more frequently, especially calcium antagonists, than those not using ACEI/ARB (68.2% vs. 27.7%). Mortality during the observation period was lower among patients using ACEI/ARB than those not using ACEI/ARB (13.3% vs. 16.8%). Dropouts and loss to follow-up occurred to the same extent among patients using and those not using ACEI/ARB (4.1% and 4.9%, respectively).
Outcomes
In 3,276 patients, there were 178 (5.42%) hospitalizations owing to fractures within the observation period. Of these, 58 hospitalizations were because of hip fractures. Patients using ACEI/ ARB had a lower fracture incidence rate (1.48 vs. 2.33 per 100 person-years) and a lower incidence (3.64% vs. 6.60%) throughout the observation period than those not using ACEI/ARB.
Association between ACEI/ARB use and hospitalization owing to fracture Fig 1 shows the Kaplan-Meier curves of the cumulative proportion of hospitalization owing to fracture. During the 3-year observation period, the cumulative proportions in patients treated with ACEI/ARB and those not treated with ACEI/ARB were 4.55% and 6.54%, respectively (P = 0.02; log-rank test).
On the basis of the Cox regression analyses, ACEI/ARB use was associated with a lower incidence of hospitalization owing to fracture in non-adjusted (HR, 0.69; 95% CI, 0.50-0.94), casemix-adjusted (HR, 0.67; 95% CI, 0.49-0.92) and multivariate-adjusted (HR, 0.65; 95% CI, 0.45-0.92) models (Fig 2) . Similar results were obtained when blood pressure and use of oral antihypertensive drugs were not included as covariates in the sensitivity analysis (HR: 0.66; 95% CI 0.48-0.91).
Effect modifications
The results of the analysis of effect modifications by iPTH levels, sex, and systolic blood pressure for the association between ACEI/ARB use and hospitalization owing to fracture are shown in Fig 3. No significant interactions were observed for sex and systolic blood pressure (P for interaction = 0.56 and 0.87, respectively). The HRs adjusted by iPTH levels were qualitatively different: however the interaction was not statistically significant (P = 0. 
Discussion
This study showed that treatment with ACEI/ARB was associated with a lower rate of hospitalization owing to fracture in hemodialysis patients with secondary hyperparathyroidism (Figs 1  and 2 ). This effect was clear in patients whose serum iPTH levels were controlled at the second (196-265 pg/mL) quartile (Fig 3) .
In the general population, use of ACEIs decreases the risk for fracture. A population-based, pharmaco-epidemiological, case-control study showed that the risk of any fracture was reduced by 9% in patients who received ACEIs during the 5-year observation period [24] . The RAS might be involved more strongly in bone metabolism in hemodialysis patients who have inordinately activated RAS as compare to the general population [25] . Indeed, the use of ACEI/ARB led to a 35% reduction in hospitalization owing to fracture in patients undergoing hemodialysis (Figs 1 and 2 ), which appears to be a much stronger effect than that observed in the general population [24] .However, the effect of RAS inhibitors on bone volume and quality has been controversial in clinical and basic researches. A cross-sectional study showed that the use of ACEI is associated with higher bone mineral density in the femoral neck, total neck, and lumbar spine among the elderly population [22] , whereas use of ACEI affects bone loss in the elderly [28] [29] [30] . In animal models, administration of angiotensin II in rats and nephrectomy in mice decreasebone mass, but not in angiotensin II type 1a receptor-deficient mice [31] . Another study also showed that increase of trabecular number and connectivity with elevation of bone turnover is found in angiotensin II type 1a receptor-deficient mice. [32] . In a murine femur fracture model, perindopril reduced bone mineral density, whereas it improved periosteal callus formation, bone bridging of the fracture gap and torsional stiffness [33] . In vitro studies have shown that angiotensin II directly enhances multinuclear osteoclast differentiation from bone marrow-derived mononuclear cells, and induces the expression of receptor activator of nuclear factor-κB ligand in osteoblasts; in contrast, these effects are inhibited by ARBs [31] . Crude, case-mix-adjusted, and multivariate-adjusted hazard ratios of hospitalization owing to fractures associated with angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker use. The covariates included in each analytical model for adjustment were as follows: case-mix, age, sex, duration of dialysis, and causes of end-stage kidney disease. In the multivariate-adjusted model, in addition to those in the case-mix model, the following covariates were adjusted; body mass index; Kt/V; comorbidity of cardiovascular disease and/or diabetes mellitus; smoking; history of parathyroidectomy; prescriptions of anticoagulants, vitamin D receptor activators, and phosphate binders; and serum levels of albumin, calcium, phosphorus, intact parathyroid hormone, alkaline phosphatase, and blood hemoglobin, in addition to systolic and diastolic blood pressure and the use of antihypertensive drugs (β-blockers, calcium channel blockers, diuretics, and others). HR: hazard ratio, ACEI: angiotensin-converting enzyme inhibitor, ARB: angiotensin II receptor blocker. Taken together, clinical and basic researches showed a controversial effect of RAS inhibitors on bone volume and quality; however, the current study suggests an obvious relation between use of RAS inhibitors and a lower incidence of fracture. Further study will be needed to understand the change of bone volume and quality with RAS inhibitors in patients with dialysis treatment.
In the analysis of the effect modification by the severity of secondary hyperparathyroidism, the effect of ACEI/ARB on the incidence of fractures was obvious in patients with the second (196-265 pg/mL) quartiles as compare to in those with the first (195 pg/mL), third (266-391 pg/mL) and fourth (392 pg/mL) quartiles of iPTH (Fig 3) . It is possible that because of their low turnover bone state induced by low PTH, treatment with ACEI/ARB had no beneficial effect in those patients. In this condition, low PTH levels induce suppression of osteoclastogenesis, and therefore, the effect of ACEI/ARB would be masked. As mentioned above, patients with high iPTH levels did not show a significant beneficial effect of ACEI/ARB use. Osteoclastogenesis induced by extremely elevated levels of circulating PTH may have overwhelmed the inhibitory effect of ACEI/ARB at the prescribed dosage. Multivariate-adjusted hazard ratios of hospitalization owing to fractures associated with angiotensin-converting enzyme inhibitor/ angiotensin II receptor blocker use considering patients with different levels of parathyroid hormone, sex, or systolic blood pressure. The hazard ratio was obtained from the Cox regression model adjusted for the distribution of age; sex; duration of dialysis; causes of end-stage kidney disease; body mass index; Kt/V; comorbidity of cardiovascular disease or diabetes mellitus; smoking; history of parathyroidectomy; prescriptions of anti-coagulants, vitamin D receptor activators, and phosphate binders; and serum levels of albumin, calcium, phosphorus, parathyroid hormone, alkaline phosphatase, and blood hemoglobin, in addition to systolic and diastolic blood pressure and the use of antihypertensive drugs (β-blockers, calcium channel blockers, diuretics, and others). P values for interactions were obtained from the likelihood ratio test. CI: confidence interval, HR: hazard ratio, iPTH: intact parathyroid hormone, ACEI: angiotensin-converting enzyme inhibitor, ARB: angiotensin II receptor blocker. This study has several limitations. The MBD-5D data were obtained from patients at dialysis facilities in Japan. Our cohort had far lower competing risks such as deaths and renal transplantations than those in Western countries, which made it suitable to examine bone fractures as an outcome. However, these results may not be applicable to dialysis patients worldwide. We could not obtain detailed data about fractures such as site, severity, and cause of fracture as well as on bone mineral density. While the events evaluated in this study required hospitalization, we could not obtain data for activities of daily living that may have influenced the outcome. Furthermore, this was an observational study and could not escape from confounding by indication bias, although the sensitivity analyses showed consistent results.
Conclusions
The use of RAS inhibitors is associated with a lower rate of hospitalization owing to bone fracture in hemodialysis patients with secondary hyperparathyroidism. To the best of our knowledge, this is the first study to report a significant reduction of the fracture risk in patients with severe CKD. RAS intervention may be an appealing preventive therapeutic strategy in addition to conventional treatments available for patients with CKD-associated mineral and bone disorder.
